The resolvent helps solve a PDE defined on all of wave-number space, ∈  k . Almost all electromagnetic scattering problems have been solved on the spatial side and use the spatial Green's function approach. This work is motivated by solving an EM problem on the Fourier side in order to relate the resolvent and the Green's function. Methods used include Matrix Theory, Fourier Transforms, and Green's function. A closed form of the resolvent is derived for the electromagnetic Helmholtz reduced vector wave equation, with Dirichlet boundary conditions. The resolvent is then used to derive expressions for the solution of the EM wave equation and provide Sobolev estimates for the solution.
Introduction
This paper solves Maxwell's equations on the wave-number side. I apply tools from classical functional analysis to the Electromagnetic Helmholtz Reduced, Vector Wave Equation. These tools have been used successfully to understand solutions of second order, linear, ordinary differential equations with Dirichlet or Neumann boundary conditions, but to the author's knowledge do not apply to more general settings. To construct a solution for ( )
,t E r , go to the Fourier side where ( ) ( ) ( ) (   )   3   3  3  3  2  ,  ,2 π d , ,
where Ê is the symbol of the operator, and the plus sign in the exponential corresponds to waves traveling in the −z direction and the negative sign for waves traveling in the +z direction. The symbol of the operator will be constructed to satisfy
Parseval's theorem on the Fourier side gives
The symbol of the operator satisfies
= , the solution for Ê when Ĥ is ⊥ to the plane of propagation containing ˆ, E k , the so-called TM case, as in Figure 1 
Inhomogeneous Case, Dirichlet Boundary Conditions, Radiation Condition at ∞
with Dirichlet boundary conditions on the green-black plane in Figure 1 ,
and a radiation condition at ,
Two independent vectors span the red-yellow plane in Figure 1 . The basis vectors on the Fourier side, are given by 
and a basis vector perpendicular to the incident plane as 
Equation (17) 
which occurs when we are "sitting on an eigenvalue" i.e.,
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properties of the resolvent in the next section will demonstrate the different descriptions of the spectrum.
The inverse operator is given by
The inverse is singular when 2
The eigenvalues are where Equation (20) has algebraic multiplicity of 2 since the geometric multiplicity is
An example of the variation of ( ) det λ − A I with λ is shown in Figure 2 and the values of | k | and o k are shown in Table 1 .
The Resolvent
The operator in this study is A where
where λ is a complex varible. λ A is called the Resolvent Operator (Kreyszig [2] ) because it solves the equation 
The denominator is a quadratic in λ which factors as Figure 2 shows a plot of the denominator versus λ , and as stated above We now give the 9 elements in the matrix for λ R ;
In Figure 3 , I show a plot of the resolvent versus λ for the parameters in In our problem we have 3 eigenvalues and an unbounded spectrum.
The Fourier transform of the resolvent is
The Fourier transform of the current, Ĵ is ( ) ( ) ( ) 
and Equation (29) 
with the x k integration of the form
The Resolvent as a Projector, P
The matrix A , is the projector onto  along  . If 0 0
The residue at 1 λ yields, 
and P is projected ⊥ to  .
Sobolev Estimates
Weak derivatives [4] , allow a periodic solution where the operators live in finite space. In order to introduce the Fourier series expansion for ( ) 
notation: 
Defintion: weak derivatives of order n in : 
We want to show that ( ) E k gains 2 derivatives in the Sobolev space 2 L .
Weak Derivatives in L 2 1.
( )
#1 Proof: From the definition of a finite Sobolev space 
Equation (43) is substituted into 41 and the 2 L norms are then computed.
The norms are locally integrable. The calculation of the 2 L norms requires ad-R. Ott Journal of Electromagnetic Analysis and Applications ditional work.
Summary
The resolvent provides insight into the spectrum of the operator [5] . 
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